The endangered Ozark big-eared bat (Corynorhinus townsendii ingens) is restricted to eastern Oklahoma and western and north-central Arkansas, where populations may be susceptible to losses of genetic variation due to patchy distribution of colonies and potentially small effective population sizes. We used mitochondrial D-loop DNA sequences and 15 nuclear microsatellite loci to determine population connectivity among Ozark big-eared bat caves. Assessment of 7 caves revealed a haplotype not detected in a previous study (2002)(2003) and gene flow among colonies in eastern Oklahoma. Our data suggest genetic mixing of individuals, which may be occurring at nearby swarming sites in the autumn. Further evidence of limited gene flow between caves in Oklahoma with a cave in Arkansas highlights the importance of including samples from geographically widespread caves to fully understand gene flow in this subspecies. It appears autumn swarming sites and winter hibernacula play an important role in providing opportunities for mating; therefore, we suggest protection of these sites, maternity caves, and surrounding habitat to facilitate gene flow among populations of Ozark big-eared bats.
The Ozark big-eared bat (Corynorhinus townsendii ingens) is a federally listed endangered subspecies that now occurs only in eastern Oklahoma and western and north-central Arkansas (Fig. 1) . Although believed to never have been very numerous, populations of Ozark big-eared bats declined by the 1970s due to human disturbances, and the taxon has been extirpated from Missouri (Kunz and Martin 1982; United States Fish and Wildlife Service 1984a, 1995; Fig. 1) . The subspecies is geographically isolated from other subspecies of Townsend's bigeared bats (C. t. australis, C. t. pallescens, C. t. townsendii, and C. t. virginianus) and has been isolated from its sister taxon, the Virginia big-eared bat (C. t. virginianus) , for about 1 million years (Lack and Van Den Bussche 2009 ). The highly localized distribution of the Ozark big-eared bat is thought to reflect limited availability of limestone caves and talus slopes that are commonly used as roost sites (Harvey and Barkley 1990; Clark et al. 1996a Clark et al. , 1996b Wethington et al. 1996) . Current monitoring and management practices include annual emergence counts, protecting important sites by acquiring land and conservation easements from willing landowners, and gating caves when necessary to prevent human disturbance. Since implementation of these management practices, population sizes have remained relatively stable with an estimated 1,700 individuals in the 1980s and 1,600-2,300 during the 1990s (United States Fish and Wildlife Service 1995) . Recent cave counts suggest that the total population consists of 1,600-1,800 individuals (Graening et al. 2011) . Most Ozark big-eared bats currently are known to use 20 essential-use caves (i.e., those maternity caves or hibernacula routinely used by more than a few individuals and essential to the continuing existence of the Ozark big-eared bat-United States Fish and Wildlife Service 1995) in Oklahoma (13 caves and talus sites) and Arkansas (7 caves and talus sites-United States Fish and Wildlife Service 2008; Graening et al. 2011 ; Fig. 1 ).
For species with small fragmented populations, or those that possess patchy distributions, like Ozark big-eared bats, a fundamental concern is reduced genetic variation, which could make a taxon unable to respond to future environmental change or diseases. Small populations are susceptible to genetic drift and fixation of alleles and may become vulnerable to effects of inbreeding; this process can be accelerated when there are reductions in gene flow among subpopulations (Frankham 1995; Allendorf and Luikart 2007; Schwartz et al. 2007 ). Effective management strategies to preserve and restore natural patterns of gene flow require knowledge about how genetic variation is partitioned within and among populations (Crandall et al. 2000) .
Although recovery plans for this taxon focused on monitoring population growth trends and acquiring important caves and surrounding lands (United States Fish and Wildlife Service 1984a, 1995) , as well as a 5-year review (United States Fish and Wildlife Service 2008), little research has been conducted to evaluate levels of population genetic variation for this taxon. Most females congregate in essential-use sites located in eastern Oklahoma, western Arkansas, and north-central Arkansas (Fig. 1 ), but females typically travel only 2.0-7.3 km from roosting sites to forage (Clark et al. 1993; Wethington et al. 1996; Graening et al. 2011) . Evidence suggests that females exhibit philopatry to specific maternity caves (United States Fish and Wildlife Service 1984a, 1995; Clark 1991; Clark et al. 1996a; Weyandt et al. 2005) , which limits gene flow among colonies. It is possible that males disperse further and are maintaining gene flow, but because male Ozark big-eared bats remain solitary or in small groups during spring and summer and can roost in about 100 limited-use sites (i.e., those sites used by small groups or single individuals-United States Fish and Wildlife Service 1995; Graening et al. 2011) , they are difficult to study and little is known about their movements. The only genetic study on Ozark big-eared bats focused on finescale genetic structure among 5 caves in a single county in eastern Oklahoma, which are < 20 km apart (Weyandt et al. 2005) . Samples from the edge of their distribution further south in Oklahoma or from isolated caves in Arkansas were not included and thus prohibited the assessment of levels of gene flow among potentially geographically isolated caves.
Based on analysis of 5 nuclear microsatellite loci, Weyandt et al. (2005) detected gene flow among 5 caves of Ozark bigeared bats that was attributed to male dispersal. Male-biased dispersal was also detected among 12 Oklahoma populations of C. t. pallescens at the eastern periphery of their distribution (Smith et al. 2008) . Gene flow was documented between 2 caves 144 km apart in Smith et al. (2008) , and Piaggio et al. (2009) found separate evidence of gene flow between C. t. pallescens and C. t. townsendii roosts separated by at least 310 km apart. If male Ozark big-eared bats possess dispersal abilities similar to C. t. pallescens and C. t. townsendii, then the geographically disjunct populations of Ozark big-eared bats in north-central Arkansas (Marion County) may be genetically connected to individuals in the cluster of caves in western Arkansas (136 km away) and eastern Oklahoma (160 km away). In contrast, if dispersal distances of male Ozark big-eared bats are closer to the maximum nightly movement of females (7.3 km -Clark et al. 1993) , they may exhibit philopatry like that suggested in multiple populations of C. t. virginianus (Piaggio et al. 2009 ). Variation of dispersal distances and gene flow suggested in other subspecies of Townsend's big-eared bats highlights the importance of determining population connectivity, specifically for effective management of Ozark big-eared bats. 
Materials and Methods
Sampling.-Ozark big-eared bats were captured with mist nets or harp traps and released immediately after a 3-mm biopsy punch (Worthington Wilmer and Barratt 1996) was taken from the plagiopatagium of each wing. All protocols for capturing and obtaining wing punches were conducted following guidelines from Sikes et al. (2011) Fig. 2 ) were donated by Tom Risch from Arkansas State University. The initial design of the study was to sample Ozark big-eared bats from several caves in Arkansas, including those in Marion County, but with the southwestward movement of white-nose syndrome (WNS), a devastating disease responsible for unprecedented declines in populations of hibernating bats (Cryan et al. 2013) , land owners determined the benefits of sampling Ozark big-eared bats in Arkansas were not worth the potential risk of spreading WNS. We were able to include the samples from Franklin County, Arkansas, because they were collected before WNS was confirmed in neighboring states. All wing punches were stored in lysis buffer until DNA could be isolated with phenol following the protocol described in Longmire et al. (1997) .
Mitochondrial sequencing.-To characterize levels of genetic variation within caves and connectivity among caves of Ozark big-eared bats due to female dispersal, we amplified approximately 480 base pairs (bp) of the mitochondrial D-loop region via polymerase chain reaction (PCR) and sequenced the resulting amplicons using primers P and E from Wilkinson and Chapman (1991) . PCR amplifications containing 4-8 ng of DNA were carried out in 30-μl reactions following Lee et al. (2012a) and thermal profile from Weyandt et al. (2005) . The Wizard SV Gel PCR Prep DNA Purification System (Promega, Madison, Wisconsin) was used to purify PCR products that were subsequently sequenced using Big Dye chain terminators on an ABI 3130 Genetic Analyzer (Applied Biosystems, Foster City, California). We aligned fragments with haplotypes presented in Weyandt et al. (2005) and examined them for variable nucleotide positions using Geneious v. 5.5.6 (Biomatters, Auckland, New Zealand). A haplotype network was constructed in TCS v. 1.21 (Clement et al. 2000) , and number of mitochondrial haplotypes, haplotype diversity (h), nucleotide diversity (π), and F-statistics were calculated in Arlequin v. 3.5.1.3 (Excoffier and Lischer 2010) .
Microsatellite genotyping.-Amplification of 15 polymorphic tetranucleotide microsatellite loci (B106, D7, D5, D107, D109, D6, B107, D110, D108, B7, A110, B6, D1, B105, D123; described in Lee et al. 2012b ) was attempted in all individuals to evaluate levels of genetic variation within caves and connectivity among caves due to male and female dispersal. Reagents and thermal profile for multiplex PCR reactions are described in Lee et al. (2012b) . An ABI 3130 Genetic Analyzer (Applied Biosystems, Foster City, California) was used to visualize PCR products by adding 9.0 μl of formamide (Applied Biosystems) and 0.5 µl of 400 HD ROX size standard (Applied Biosystems) to 1.0 µl PCR product. GeneMapper 4.0 (Applied Biosystems) was used to genotype individuals.
We used Microchecker (Van Oosterhout et al. 2004 ) to evaluate microsatellite loci for the presence of null alleles, heterozygote deficiency, and scoring errors. Tests of Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium were performed in GENEPOP v. 4.0 (Raymond and Rousset 1995; Rousset 2008) . Statistical significance for both tests was evaluated with 100,000 Markov Chain Monte Carlo (MCMC) simulations and sequential Bonferroni correction to account for inflated type 1 error rates (Rice 1989) . Because many of the samples were obtained from maternity caves or a single locality, probability of identity (P ID -Waits et al. 2001 ) may be insufficiently discriminating. Therefore, probability of identity for siblings (P ID SIB ) was calculated using Cervus v. 3.0.3 (Kalinowski et al. 2007) . GenAlEx v. 6 (Peakall and Smouse 2006) was used to calculate observed/expected heterozygosity (H o /H e ) for each cave, analysis of molecular variance (AMOVA), F-statistics with sequential Bonferroni correction (Rice 1989) , a principal coordinate analysis (PCA), and Mantel test for isolation by distance pattern. HP-RARE (Kalinowski 2005 ) was used to calculate allelic richness (A) corrected for differences in sample size among caves. STRUCTURE v. 2.3.2 (Pritchard et al. 2000; Falush et al. 2003 Falush et al. , 2007 was used for a Bayesian analysis of ancestry (allowing for admixture) to assess the most likely population assignment for each individual and to determine the number of populations (K) represented by the data set. For the latter, we ran each of 7 (corresponding to the 7 collection localities) potential K values (1-7) 10 times with a burn-in period and number of iterations set at 100,000 and 1,000,000, respectively. The average Ln probability of the data for each value of K was calculated and used to determine the number of different genetic groups using the delta K method described in Evanno et al. (2005) . An additional population assignment test, which gives the log likelihood an individual was sampled from a population with allele frequencies equal to those of the individual, was performed in Arlequin v. 3.5.1.3 (Excoffier and Lischer 2010) with 100,000 MCMC for comparison to STRUCTURE results. Finally, N e for each cave was estimated using the linkage disequilibrium method in LD-N e (Waples and Do 2008) , excluding alleles with frequencies less than 0.03 because there were fewer than 25 samples per population (Waples and Do 2010) . These values were then compared with census estimates (N C ) of each cave in Oklahoma made by United States Fish and Wildlife Service personnel based on visual counts or video recordings using infrared lighting and night vision equipment.
Results
Mitochondrial sequencing.-Haplotype data could not be generated for 5 of the 110 individuals, but analysis of 426 bp of mitochondrial D-loop region from 105 Ozark big-eared bats revealed 4 haplotypes, 3 (A, B, C) previously described in Weyandt et al. (2005) and a new haplotype (E; GenBank Accession KP297895) found in AD-18 (Fig. 2) . Haplotype C and E differed from the most common haplotype (A) by 1 substitution; however, haplotype B differed from A at 11 nucleotide positions (Fig. 2) . Haplotype A was found in all caves, haplotype B and C were found in 2 caves, and haplotype E was restricted to AD-18 (Fig. 2) . Haplotype diversity (h) was low for all colonies except AD-18, which had representatives of all 4 haplotypes (Table 1) . Nucleotide diversity (π) was low for all caves (Table 1) , and none of the pairwise F ST comparisons among caves were statistically significant (Table 2) .
Microsatellite genotyping.-We attempted to genotype all 110 Ozark big-eared bats for each microsatellite locus, but 3 individuals were removed from the analysis because they were Table 1 .-Population genetic characteristics of Ozark big-eared bats (Corynorhinus townsendii ingens) from 7 caves: number of individuals sampled (n), number of mitochondrial haplotypes (a), haplotype diversity (h), nucleotide diversity (π), allelic richness corrected for sample size differences and averaged over all loci (A), number of private microsatellite alleles (P), mean observed heterozygosity (H o ), mean expected heterozygosity (H e ), and fixation index (F) for each cave sampled. missing genotypes for ≥ 5 of the 15 loci. Sixty-two of 107 bats had complete genotypes for all loci, and an additional 24 individuals only had missing data at 1 locus. After sequential Bonferroni correction, no loci deviated from HWE, had evidence of null alleles, or were in linkage disequilibrium in more than one cave. P ID SIB was 2.453 × 10 −5 , which indicated these loci could discriminate 1 in 40,766 Ozark big-eared bats and discern between any closely related individuals we sampled at maternity caves. Number of alleles detected at each locus averaged 5.0 and ranged from 3 (B107, D109, D110) to 8 (D1). Allelic richness (A) was 2.65-3.10 (Table 1) . Six of the 7 caves had private alleles, and CZ-18 had 2 private alleles in the single individual sampled from this locality (Table 1) .
AMOVA revealed 86% of the genetic variation was attributable to differences within individuals, 3% among caves, and 11% among individuals. There was no evidence of an isolation by distance pattern (P = 0.460; R 2 = 0.00012) and no notable geographic clustering of samples in the PCA (results not shown). Three populations were suggested by the STRUCTURE analysis using the delta K method described in Evanno et al. (2005) , but the individuals were not grouped into biologically meaningful populations (results not shown). The average likelihood value for K = 1 and K = 3 was −34,89.43 ± 0.149 and −34,36.72 ± 10.187, respectively. Ten of 15 pairwise comparisons had low but statistically significant F ST values (0.026-0.095), including all comparisons with representatives from the single cave in Franklin County, Arkansas, FR-17BT1, and all comparisons with samples from SQ-1 (Table 3) . Ninety-two of 107 individuals (86%) that were genotyped at > 11 loci were correctly assigned to the cave of their collection in the assignment test. Those individuals that were not correctly assigned were collected from AD-125, AD-18, AD-13, and SQ-1 and were incorrectly assigned to one or another of these caves nearby or to AD-10 (all in eastern Oklahoma). Effective population sizes for each cave ranged from 23 (6-∞) to 101 (24-∞) and did not coincide with census size. For example, some of the caves with smaller N C had a larger N e and vice versa. The N e to N C ratios were ≥ 0.177 although confidence intervals included infinity for some cave estimates (Table 4) .
Discussion
Species characterized by unnaturally fragmented or patchy population distributions with reduced gene flow may be susceptible to losses of genetic diversity due to inbreeding and genetic drift (Frankham 1995; Allendorf and Luikart 2007) . Despite the highly restricted and patchy distribution of Ozark big-eared bats, the 7 caves examined in this study provided evidence for gene flow among nearby caves. Neither STRUCTURE nor PCA detected genetic structure among the populations examined suggesting panmixia among individuals, and populations did not follow an isolation by distance pattern. While our results indicated low levels of gene flow, this gene flow does not appear to represent a random mixture of individuals from (Table 3) , and the 15 bats assigned incorrectly in the assignment test were collected from a cluster of caves in eastern Oklahoma (AD-13, AD-18, AD-125, and SQ-1) and were assigned to another cave nearby. Some structure from the nuclear data was suggested by the AMOVA (P = 0.001; F ST = 0.03) specifically in pairwise comparisons between all caves and SQ-1 in Oklahoma and all caves and FR-17BT1 in Arkansas. Results of the pairwise F ST analysis indicate low levels of differentiation among individuals from caves SQ-1 and FR-17BT1. Five of 10 individuals from FR-17BT1 and 2 of 19 from SQ-1 were adult males, and these results suggest possible male philopatry to those locations. It is likely that the STRUCTURE analysis did not place bats from these 2 locations as separate populations because STRUCTURE has been shown to need a considerable amount of genetic similarity to indicate strong support for clustering even when F ST values are significant (Hubisz et al. 2009 ). High degrees of gene flow have been attributed to male dispersal and extra-colony copulation in Plecotus auritus (brown long-eared bat- Burland et al. 1999) , C. t. pallescens (Smith et al. 2008; Piaggio et al. 2009 ), and C. t. townsendii (Piaggio et al. 2009 ). Even though the wing morphology, low aspect ratio, and low wing loading suggest that species of Corynorhinus are not long-distance fliers, Piaggio and Perkins (2005) found evidence of gene flow across distances greater than expected. In support, Smith et al. (2008) suggested male dispersal of 100 km in western Oklahoma, and Piaggio et al. (2009) suggested dispersal distances up to 310 km for C. t. pallescens and C. t. townsendii. It is possible that Ozark big-eared bats can disperse to the most isolated caves in Marion County, which are approximately 136 km from the other caves in western Arkansas and about 160 km from the caves along the Oklahoma/Arkansas state line. Such distances would not seem to be a barrier to dispersal; however, the significant nuclear F ST values and correct population assignment of all Arkansas individuals suggest limited movement of bats among the cluster of caves in eastern Oklahoma and those in western Arkansas. This could be from possible male philopatry to these sites or bats are not flying to more distant caves for mating opportunities because there are limited-use sites and/or autumn swarming sites nearby. Alternatively, it is possible that bats are using a maternity cave and a number of limited-use sites that occur in Arkansas near the Oklahoma/Arkansas state line as potential swarming sites that could connect the western most populations (those in Oklahoma) with those in western Arkansas. More samples from western Arkansas and north-central Arkansas are required to determine the degree of genetic isolation of other known populations of Ozark big-eared bats.
The gene flow suggested among clusters of caves is likely from individuals swarming and mating at locations close to where they form summer maternity colonies. Use of swarming sites in spring and autumn has been documented in other temperate bat species such as Myotis bechsteinii (Bechstein's bat- Kerth et al. 2003) and M. nattereri (Netterer's bat- Rivers et al. 2005) . Microsatellite data suggest that swarming is important for maintaining genetic diversity in P. auritus, an otherwise highly philopatric species (Furmankiewicz and Altringham 2007) and that individuals from different nursery populations meet at swarming sites (Veith et al. 2004) .
Ozark big-eared bats are like their sister subspecies, C. t. virginianus, in that they form summer maternity colonies but congregate into a fewer number of winter hibernacula (Stihler 2011) . Not all of these locations are unknown but caves AD-10 and AD-125 are used by large maternity colonies and are also 2 of the known winter hibernacula (United States Fish and Wildlife Service 2008) . It is possible these locations, or caves near these locations, serve as sites for additional early mating opportunities in autumn as bats transition from summer maternity caves to fewer, mixed-sex winter hibernacula where mating continues. Cave AD-18 has one of the largest populations and is where all haplotypes were recovered, suggesting it or perhaps another nearby cave may serve as a central location for swarming and mating of bats from many nearby caves. Other studies suggest caves AD-3, AD-16, and CZ-18 are used as autumn swarming sites (AD-3 and AD-16 not sampled for this study), and each of these are within 1−7 km of one of our sampled maternity caves. Both males and females were caught during autumn at AD-16 and AD-13 in eastern Oklahoma (Wethington 1994; Wethington et al. 1996) , and autumn monitoring counts at AD-16 and CZ-18 demonstrate bats are congregating at these sites (United States Fish and Wildlife Service 2008; Graening et al. 2011) . The United States Fish and Wildlife Service (1984b) banded individuals at AD-10 and AD-19 in summer 1981, and they observed some of these individuals in the winter of the same year at AD-3. AD-19 is one of a series of proximate caves within 0.5−1.5 km of each other, including AD-13, believed to be used as alternate roosts by the same maternity colony, and AD-3 is the largest known winter hibernacula (Clark et al. 1997; Graening et al. 2011) . Together, these studies and our data provide evidence that swarming sites are important to the conservation of Ozark big-eared bats and future conservation efforts should include locating other caves serving as sites for mating.
Results from our nuclear analysis suggest gene flow among nearby caves, which agrees with Weyandt et al. (2005) . Our study included more individuals and caves than were used by Weyandt et al. (2005) , thus increasing the spatial scale examined. As a result, we were able to conclude that gene flow was biparental and not male biased, in contrast to the conclusion of Weyandt et al. (2005) . We detected a haplotype (E) not found by Weyandt et al. (2005) , but we did not recover haplotype D. It is unlikely that haplotype E is a newly derived haplotype in the 10 years since Weyandt et al. (2005) or that there are not individuals with haplotype D. These differences are probably due to limited sampling in both studies, although the maximum number of bats allowed under our permit was sampled.
Our results and those from Weyandt et al. (2005) concur that the loss of any cave in this region would be highly detrimental to maintaining supportive levels of gene flow and could make Ozark big-eared bats more susceptible to losses of genetic diversity. Because movement among caves is important to maintaining gene flow, it is crucial to locate and protect all maternity sites, autumn swarming sites, winter hibernacula, and the habitat surrounding such sites. This could help maintain gene flow and allow introduction of new alleles and maintenance of heterozygosity without subpopulations drifting to allelic fixation (Allendorf and Luikart 2007) . Management plans that protect individual caves could be advantageous because Ozark big-eared bats are sensitive to human disturbance (United States Fish and Wildlife Service 1995; Graening et al. 2011) . Gates have been placed at the entrances and passageways of some caves to restrict unauthorized entry (United States Fish and Wildlife Service 2008; Graening et al. 2011) and do not negatively affect Ozark big-eared bats or endangered gray bats (M. grisescens- Martin et al. 2000 Martin et al. , 2003 Martin et al. , 2006 . Additional gating of caves could promote opportunities for gene flow, which could help prevent loss of genetic variation.
Most caves had no evidence of inbreeding (Table 1) , but effective population size estimates were low compared to the 50/500 rule that states N e values should be no less than 50 to balance the short-term effects of inbreeding depression and no less than 500 to maintain evolutionary potential (Franklin 1980; Franklin and Frankham 1998) . One would expect small N e values because the overall small population (1,600-1,800 individuals) is distributed across 20 essential-use maternity, autumn swarming sites, or winter hibernacula. Effective population estimates were greater than 50 in 2 caves (AD-125 and AD-13; Table 4 ). Encouraging results were found in the N e :N C ratios with values typical of other wild populations (AD-10 and AD-18) or higher (AD-125, AD-13, and SQ-1; Table 4 ). Frankham (1995) compared estimates of effective population size in > 100 animal and plant species and found N e averaged 10% of N C . Waples (2002) used a temporal method for N e estimates and suggested an average of 20% was more accurate. More recently, Palstra and Ruzzante (2008) reviewed 83 studies and reported a median N e :N C of 0.14. Interestingly, N e of AD-13 was even greater than colony size estimates based on census counts. Caution should be used when interpreting these results because sample sizes are low and confidence intervals are large. Additionally, allele frequencies used in the analysis are representative of a larger genetic pool.
Genetic monitoring of endangered species is important to the success of their management and recovery because small populations are threatened with relatively rapid changes in effective population size and reduced levels of genetic variation within populations (Frankham 1995; Allendorf and Luikart 2007; Schwartz et al. 2007 ). Such changes can be a concern if they lead to inbreeding and associated negative effects on fitness, and continued genetic monitoring along with annual emergence counts of Ozark big-eared bats could identify these concerns. Annual emergence counts allow an estimation of population size, but these counts provide no information regarding genetic characteristics of the population. The small and somewhat geographically isolated nature of caves places Ozark big-eared bats at an increased risk for decreased genetic variation. If gene flow was limited for some reason, such as the loss of an important cave, inbreeding could become a major management concern. A similar loss of connectivity among regional populations of the endangered Virginia big-eared bats (C. t. virginianus) in North Carolina, Kentucky, and West Virginia separated the populations into 4 evolutionary significant units that may represent the remaining genetic variation and therefore evolutionary potential of this sister subspecies (Piaggio et al. 2009 ).
Although census estimates of Ozark big-eared bats have been relatively stable (Graening et al. 2011) , continued monitoring of N e and gene flow among populations would be beneficial. Effective population size of Ozark big-eared bats is unlikely to ever approach 500, but providing continuous suitable habitat connecting populations can facilitate gene flow and maintain genetic variability. Outbreeding has been associated with survival in wild populations of greater horseshoe bats (Rhinolophus ferrumequinum- Rossiter et al. 2001 ) because outbred male individuals were more likely to survive to their 1st and 2nd summer. Outbreeding may be as important for the long-term persistence of Ozark big-eared bats, and likely could be facilitated with maintenance of gene flow via connected habitat around maternity caves, autumn swarming sites, and winter hibernacula. Because the location of all swarming sites is not known, obtaining genetic samples of individuals in the winter hibernacula from guano material would permit monitoring of male-mediated gene flow. Moreover, additional caves of Ozark big-eared bats throughout Arkansas, especially those in Marion County, could be included in future studies to expand the understanding of population connectivity throughout their distribution.
